Establishing realistic yield goals is essential for environmentally and economically sustainable crop production. It is also important because many of the variable inputs, including fertilizer N rates, are often based upon those goals. If yield goals are beyond what uncontrollable factors such as rainfall can support, many controllable inputs such as N fertilizer will probably be used at rates in excess of crop needs. This scenario will result in reduced nutrient recovery, decreased profitability or return on fertilizer investment, and an increased potential for N loss to groundwater resources. If yield goals are set too low, crop nutrient needs may be underestimated leading to loss of yield, quality, and profit.
Crop yield goals must be both realistic and achievable, but this is not typical in many locations. Schepers et al. (1986) reported that in a Nebraska study conducted in 1980 through 1983, corn yield goals were over-estimated by an average of 32 bu acre-1 • This resulted in an average over-application of N fertilizer for those four years of 46, 12, 27, and 38 lb acre· 1 , respectively. Padgitt (1985) reported that some producers in the Iowa Big Spring watershed were applying N in excess of rates required for the grain yields being achieved. For both states, it is doubtful that N application was the factor preventing the farmers from achieving their yield goals. Vitosh and Jacobs (1990) stated that knowledge of soil productivity and realistic understanding of the crop management systems being used were critical factors for setting yield goals. They recommended that if the yield goal was not achieved at least two out of five years, or nearly 50 percent of the time, the entire soil and crop management system should be reassessed to identify the factors other than soil fertility that were limiting crop yields.
Establishment of overly optimistic yield goals is one factor for which the U.S. agricultural chemical industry is often criticized. Karlen and Zublena (1990) Wallingford (1989) suggested that yield goals should be set as much as 30% above previous high yield levels. For most farmers, this was probably unrealistic and would tend to encourage excessive fertilizer and other external inputs. The rationale for suggesting that higher yield goals were needed was that those goals would encourage farmers to give ample attention to all production practices. Wallingford (1989) also stated that in less variable fields, Maximum Economic Yield (MEY) was often very close to previous maximum yields.
Soil survey maps, published by the USDA-Soil Conservation Service and their cooperating state institutions, provide important information for establishing realistic crop yield goals (Miller, 1987; Hudson, 1990) . By identifying the predominant soil map units and using predicted crop yields to help establish their yield goals, farm managers take into consideration the uncontrollable factors that influence potential crop productivity and inherent soil fertility. With this information, the manager can optimize input levels by using techniques such as differential fertilization (Luellen, 1985; Buchholz and Wollenhaupt, 1989; .
Objectives for this workshop are to review corn yield data collected at the USDA-ARS, Deep Loess Research Station near Treynor, IA and to discuss the data relative to yield goals, N fertilization rates, and the apparent impact of those factors on residual soil N0 3 -N concentrations.
METHODS AND MATERIALS
Corn has been grown on three watershed areas (Nos. W-1 , W-2, and W-4) near Treynor, IA since 1964 and on a fourth watershed (No. W-3) since 1972. Conventional contour-tillage has been used on W-1 and W-2 throughout this period. Conventional tillage on level bench terraces was used on W-4 from 1964 through 1971. In 1972, the terrace structure was changed to parallel, double-wide spacing with drainage. Since then, ridge-tillage practices have been used on W-3 and W-4. Actual fertilizer N rates have varied somewhat from target levels because of variations in equipment, operators, and fertilizer sources during this period, but the general yield goal was 150 bu acre· 1 and fertilizer N rates averaged approximately 160 lb acre· 1 • Crop data were collected by hand from 1980 through 1990 from 12 plots located along four transects in each watershed. For this evaluation, those data were evaluated to determine relative effects of soil series, tillage system, erosion phase, and slope on the number of corn plants, ears, stalk biomass, and grain yield per acre. In 1990, soil samples were collected near each plot site from W-1 and W-2 on 6 April, and from W-3 and W-4 on 17-18, April to measure early-season soil N0 3 -N concentrations. Five soil cores, 0.625 inches in diameter were collected diagonally across one 15' row with the middle sample being from within the row. A composite sample consisting of five cores plof 1 was collected for three depths of 0 to 12, 12 to 24, and 24 to 36 inches. Samples were air-dried and extracted with 2 M KCI prior to analysis. A second set of samples were collected on 14 June for watersheds 2, 3, and 4 and on 18 June for watershed 1 using the same sampling procedure. Late-spring N0 3 -N concentrations (Blackmer et al., 1989) were measured on those samples. Basal stem plant samples (6-8 inches long) were collected from 20 plants at maturity to measure residual N0 3 -N in the plants (Binford et al., 1990) . All data were analyzed using SAS General Linear Model (GLM) procedures.
RESULTS AND DISCUSSION
A combined eleven-year summary of corn grain yield, ear number, stalk number, and stalk weight is presented in Table 1 for all four watersheds. Stalk and ear number averaged 20,023 and 19,300 acre· 1 , respectively, indicating an average barreness of 4% each year. Stalk weight averaged 5007 lb acre· 1 indicating that approximately 2.5 tons acre· 1 yr" 1 of crop residue were being returned to the fields. Grain yield for this period ranged from 87 to 140 bu acre· 1 , averaging of 118 bu acre· 1 • This indicates that in eleven years the yield goal of 150 bu acre-1 was never attained! The distribution of sampling sites among soil map units was not uniform, with 28 located on Monona, 10 on Napier, 7 on Ida, and 3 on Kennebec silt loam soils. The Monona series is found in ridgetops and side slopes in the upland areas (USDA, 1989) . Napier soils are found in foot slopes and in upland drainageways. Ida soils are located on narrow, rounded ridgetops and the upper parts of side slopes. All three soils are well drained with moderate permeability, slow to medium runoff depending upon slope, and high available water capacity. Subsoil P and K levels are generally low. Kennebec silt loam soils are moderately well drained, moderately permeable soils formed in alluvium on bottom land. Average corn yields, predicted by assuming a high level of management for the soil map units at each sampling site (USDA, 1989) , should be about 132, 129, 108, and 155 bu acre· 1 , respectively,. Analysis of the data by soil map unit showed that average measured yields for these soils (Table 2) were very close to those predictions. The sample measurements thus confirm that setting a yield goal of 150 bu acre· 1 is not realistic for these watersheds. Tillage system comparisons of yields from W-1 and W-2 with those from W-3 and W-4, showed a small but statistically significant positive response to the use of ridge tillage. This slight yield difference (7 bu acre-1 ) may have occurred because of better water conservation with ridge tillage than conventional tillage. Stalk and ear counts support this hypothesis since conventional watersheds had 5% barren stalks compared to 2% barren for the ridge tillage watersheds.
Another explanation for the yield difference is the distribution of soils and therefore yield potential for the watersheds. By once again assuming a high level of management and averaging expected yields according to land capability classification at each sampling site, the predicted corn yields were 127 and 132 bu acre· 1 for the conventional and ridge-tillage watersheds, respectively. This calculation also demonstrates the relative accuracy of yield projections in the soil survey manual.
Analysis of yield data according to erosion phase and slope (Table 3) showed lowest yields and stalk (residue) production on the steepest (9 to 14%) and most severely eroded sampling sites. This analysis confirms the long-term impact of soil erosion on corn yield, even for soils that have relatively deep, uniform loess as parent material. One result of consistently setting and fertilizing for yield goals that can not be attained is accumulation of excess N0 3 -N in the soil profile. Soil analysis in 1990 showed fairly uniform N0 3 -N concentrations to a depth of three feet (Table 4) . Comparisons among watersheds show that early-season concentrations were slightly higher for W-3 and W-4 than for W-1 and W-2. However, since the conventional watersheds were fertilized prior to planting, late-spring N0 3 -N concentrations were greater for those sites (Table 4 ) than for ridge-tillage sites which received additional sidedress N after sampling. Higher yield and lower residual stem N0 3 -N with ridge-tillage than with conventional tillage suggest that factors other than N were most limiting to yield. Stalk N0 3 -N concentrations for all but one conventional tillage plot (data not shown) exceeded 0.18%. This indicates that excess N was available but not used by the corn crop to produce grain (Binford et al., 1990) . One-fourth of the ridge-tillage plots had stalk N0 3 -N concentrations below 0.18% at maturity, but none were so low that N stress was likely. Soil and plant N0 3 -N analysis by soil map unit, slope, and erosion phase are presented in Table 5 . The Ida soil had the lowest early-season soil N0 3 -N, lowest residual stalk N03-N, and lowest grain yield. The Kennebec soil had highest yields and early season N03-N concentrations. Water availability, through both infiltration and retention was presumably the major factor influencing yield, but the importance of having adequate N early in the season to establish vigorous plants with a high yield potential is also shown by these data. For soils with low early-season N0 3 -N, it may be necessary to use row or band applied starter N. Grain yields were not statistically different when analyzed according to slope. Both late spring soil N0 3 -N and stalk N0 3 -N concentrations were highest in plots having less than 2% slope. When examined by erosion phase, 1990 yields were highest for sampling sites that had either overwash or no erosion. Residual stalk N0 3 -N was highest in overwash or slightly eroded plots, but differences were not statistically significant. Early-season N0 3 -N concentrations and residual stalk N0 3 -N concentrations were lowest in areas with severe erosion. Setting achievable yield goals is essential to avoid accumulation of excess residual N0 3 -N in the soil profile which is then subject to leaching. Eleven years of corn yield data from the USDA-ARS Deep Loess Research Station are presented. Yield goals during this time were 150 bu acre-1 , but the highest sample yield was 140 bu acre-1 • Average corn grain yields were 118 bu acre-1 yr-1 , and since N fertilization rates averaged approximately 160 lb acre-1 yr" 1 , there has apparently been an accumulation of residual N0 3 -N in the soil profile.
The results show that average corn grain yields for the various soil map units found on the watersheds were very similar to those predicted in the soil survey manual. Differences observed between watersheds 1 and 2 and 3 and 4, though confounded by tillage system differences, were in agreement with yield differences predicted using yield potentials for soils within each watershed. Yields associated with areas with severe erosion or overwash conditions were also consistent with predicted effects. This confirms that for long-term planning, information contained in the soil survey manual can and should be used to set realistic and achievable yield goals.
